The elevated plus maze is a widely used behavioral assay for rodents and it has been validated to assess the anti-anxiety effects of pharmacological agents and steroid hormones, and to define brain regions and mechanisms underlying anxiety-related behavior. Briefly, rats or mice are placed at the junction of the four arms of the maze, facing an open arm, and entries/duration in each arm are recorded by a video-tracking system and observer simultaneously for 5 min. Other ethological parameters (i.e., rears, head dips and stretchedattend postures) can also be observed. An increase in open arm activity (duration and/or entries) reflects anti-anxiety behavior. In our laboratory, rats or mice are exposed to the plus maze on one occasion; thus, results can be obtained in 5 min per rodent.
INTRODUCTION
The elevated plus maze has been described as a simple method for assessing anxiety responses of rodents by File and co-workers 1 . A task, using a Y-shaped apparatus that included an elevated open alley, which produced a strong approach-avoidance conflict, and an enclosed alley, which did not, was first described by Montgomery 2 . This task was modified into an elevated maze with four arms (two open and two enclosed) that are arranged to form a plus shape and was described by Handley and Mithani 3 . These authors described the assessment of anxiety behavior of rodents by using the ratio of time spent on the open arms to the time spent on the closed arms. Unlike other behavioral assays used to assess anxiety responses that rely upon the presentation of noxious stimuli (i.e., electric shock, food/water deprivation, loud noises, exposure to predator odor, etc.) that typically produce a conditioned response, the elevated plus maze relies upon rodents' proclivity toward dark, enclosed spaces (approach) and an unconditioned fear of heights/open spaces (avoidance) 4 .
There is great diversity in possible applications of the elevated plus maze. To name a few, prescreening of newly developed pharmacological agents for treatment of anxiety-related disorders can be carried out. The anxiolytic and anxiogenic effects of pharmacological agents, drugs of abuse and hormones can be investigated. The effects of reproductive senescence/aging and/or pre-, peri-or postnatal exposure to various stressors can be assessed. Furthermore, beyond its utility as a model to detect anxiolytic effects of benzodiazepine-related compounds, the elevated plus maze can be used as a behavioral assay to study the brain sites (e.g., limbic regions, hippocampus, amygdala, dorsal raphe nucleus, etc. 5, 6 ) and mechanisms (e.g., GABA, glutamate, serotonin, hypothalamic-pituitary-adrenal axis neuromodulators, etc. 1, 3, [7] [8] [9] [10] [11] [12] ) underlying anxiety behavior. Indeed, the elevated plus maze has been used as a model of state, unconditioned anxiety for over two decades, and there are now over 2,000 papers related to this topic. Because a lengthy discussion of these key findings is beyond the scope of this protocol, readers are referred to several excellent and instructive reviews [13] [14] [15] [16] [17] [18] [19] [20] [21] ).
Behavioral responses in the elevated plus maze are easily assessed and quantified by an observer. Briefly, rodents are placed in the intersection of the four arms of the elevated plus maze and their behavior is typically recorded for 5 min. This was based upon the early studies by Montgomery 2 that revealed that rats demonstrated the most robust avoidance responses in the first 5 min after placement in the elevated open alleys. The behaviors that are typically recorded when rodents are in the elevated plus maze are the time spent and entries made on the open and closed arms. Behavior in this task (i.e., activity in the open arms) reflects a conflict between the rodent's preference for protected areas (e.g., closed arms) and their innate motivation to explore novel environments. Anti-anxiety behavior (increased open arm time and/or open arm entries) can be determined simultaneously with a measure of spontaneous motor activity (total and/or closed arm entries), albeit the arm entries made in the maze may not be an optimal measure of motor activity. Other ethological measures that can be observed in rodents in the maze are the number of rears, head dips, fecal boli, freezing or stretched-attend postures.
Face validity of the elevated plus maze
The elevated plus maze has face validity, which is the ability of a task to appear to measure what it is supposed to measure. For instance, in the elevated plus maze, the anxiety or fear of open spaces/heights of rodents seems to be measured. In this task, the open arms are avoided and rodents spend the majority of the time in this task in the closed arms of the maze. Other anxiety-related behaviors of rodents, such as freezing/immobility and defecation, are increased on the open arms of the maze compared to the closed arms 1 .
Construct validity of the elevated plus maze
The elevated plus maze has construct validity. Construct validity refers to whether an observable dependent variable, such as time spent in the open arms of the elevated plus maze, used measures an unobservable construct, such as anxiety. This is demonstrated by anxiogenic drugs reducing time spent on the open arms and anxiolytic drugs increasing the time spent on the open arms of the elevated plus maze 1 .
Predictive validity of the elevated plus maze
The elevated plus maze has predictive validity, which is defined as the extent to which the dependent measure predicts behavior on a 23, 24 .
Effects of novel environment pre-exposure Pre-exposure to a different novel environment, such as an open field or hole-board task, has been used in studies assessing anxiety behavior of rodents. In some studies, exposure to a novel environment immediately before testing in the elevated plus maze increases motor activity in the elevated plus maze and a greater likelihood of entering the open arms of the maze 1, 25, 26 . Although indices of anxiety behavior in the elevated plus maze do not correlate with the amount of exploration in a hole-board 27 , using the hole-board task immediately before elevated plus maze testing can provide additional indices of activity and exploration (i.e., rearing and head dipping) 25, 26 , which are independent of plus maze exposure, to rule out changes in open arm exploration being due to changes in general activity and/or exploratory motivation. For instance, this method has been successfully used to demonstrate anxioselectivity of the long-lasting impact of experimental epilepsy on rodents and the impact of predator stress exposure (both experimental situations that can alter activity) on plus maze anxiety 28, 29 .
In our laboratory, rats or mice are often run through a battery of tasks, which include testing in the open field followed by the elevated plus maze and then subsequent assessment in other measures of affect (i.e., the forced swim test) and/or social and/or sexual behavior (social interaction, propinquity and/or paced mating). It is also common in our laboratory to run each task on separate occasions. By comparing across studies in our laboratory, we have found little evidence to suggest differences in elevated plus maze behavior of rats or mice that are tested in a battery of behavioral tasks that includes the elevated plus maze versus testing in the elevated plus maze and no other tasks on a separate occasion. Although this suggests that, in our laboratory, pre-exposure to another testing environment does not alter subsequent behavior of rats or mice in the elevated plus maze, careful consideration of this should be made when designing experiments using the elevated plus maze.
Utility of a single test session in the elevated plus maze When assessing the anxiolytic properties of pharmacological agents, many investigators use pre-exposure to the elevated plus maze. Although some early reports did not suggest that prior exposure to the elevated plus maze produced test decay and altered subsequent responding in the task 1, 8, 30 , recent reports suggest that there is some evidence of test decay effects, that is, there are differences in elevated plus maze behavior when rodents are exposed to the plus maze on more than one occasion. For instance, decreased activity on the open arms of the maze is typical on the second exposure to this task compared to the first exposure [31] [32] [33] [34] [35] [36] [37] . Given these effects, our laboratory and others have used the elevated plus maze in a slightly different way by using a single testing session and assessing behavior as a response to this novel situation that produces unconditioned avoidance responses toward the open arms. Indeed, this approach is now what is typically used. It must be noted that, although retesting in the plus maze can be problematic, it is possible to test rodents more than once without a drop in baseline open arm exploration if there is a 3-week period between tests and the maze is moved to a novel room 38, 39 . Indeed, it is ideal for this purpose that our rat elevated plus maze is located on a platform with wheels so that it can easily be moved to a novel room (see Fig. 1 and EQUIPMENT SETUP).
We have used single exposure to the elevated plus maze with success to determine response to novelty/anxiety behavior of rodents in different hormone conditions to determine the antianxiety effects of steroid hormones, such as estrogen, progestins and androgens 22, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] . The materials, methods and typical results obtained are as follows.
General background information relating to the procedure Timing of testing: Behavior of rats and mice in the elevated plus maze can be influenced by circadian rhythms/light cycle 14, 51, 52 . In our laboratory, rats and mice, which are housed on a reverse-light cycle, are always tested in their dark phase (between 0900 and 1700), when rodents are most active and have consistent differences in their endogenous concentrations of corticosterone, estrogens, progestins and androgens. An important consideration to be made when setting up experiments using the elevated plus maze in each experiment is the timing of testing, and inconsistencies in what phase of the light cycle the animals are tested must be avoided to reduce potential confounding effects owing to this in behavioral analyses.
Handling of animals before testing: Prior experience with handling, stress or injections can alter behavioral responses of rodents in the elevated plus maze 9, [53] [54] [55] [56] [57] [58] [59] [60] . It is important to ensure that in experiments using the elevated plus maze, handling of rodents and any experience with prior stressors, particularly immediately before testing, is consistent across animals and treatment groups.
Because prior experience, as described above, can alter rodents' behavioral responses to stressor exposure and/or behavioral testing, in our laboratory, experimental animals are consistently habituated to being handled by experimenters, transport to the behavioral testing facility and placement in transport cages before behavioral testing. For example, in our laboratory, immediately before testing, rats and mice are placed on a cart in their homecages and pushed to the behavioral testing suite, which is down a hall (approximately 50 feet) from the housing rooms that are located within the same Laboratory Animal Care Facility. From their homecages, experimental rodents are placed separately into smaller transport cages on a cart in the hallway directly outside the behavioral testing room (there are separate rooms set up for mouse and rat elevated plus maze testing) before testing and then returned to their home cages at the end of testing. To avoid any possibility of different experience or stressor exposure altering behavior of rodents in the plus maze, it is critical that all experimental animals either spend brief, consistent time outside of their homecages in transport cages in the behavioral testing facility before testing (as is performed in our laboratory) or remain in their homecages before testing. Indeed, a basic principle of ethological behavioral analyses is to ensure that experimental animals have similar experiences and consistent treatment before behavioral analyses.
MATERIALS
REAGENT SETUP Rats or mice Laboratory-bred rats or mice are typically used in the elevated plus maze; however, there are recent reports validating the use of the plus maze with guinea-pigs, gerbils, voles and wild mice [61] [62] [63] [64] [65] . It is particularly useful to use rats or mice in the elevated plus maze, as the equipment for these species can be easily obtained from commercial vendors and the procedures are well developed and have been validated in a number of laboratories.
Variables, related to animal subjects, that need to be considered when setting up an experiment using the elevated plus maze include: strain [66] [67] [68] [69] [70] (which may be particularly true when considering mouse background strain when using transgenic models), breeding line differences 71 , sex/gender 22, 72, 73 , estrous cycle 22, 74, 75 and age 14, 51, 76 .
In our laboratory, we typically use young (3-6 months old) adult male or female Long-Evans rats and mice bred on a C57 background. If female rodents are used, the stage of estrous cycle, where there are fluctuations in both estrogens (e.g., 17b-estradiol) and progestins (e.g., progesterone), and/or hormone concentrations are considered. In our laboratory, to be able to parse out effects and reveal central mechanisms of estrogens and progestins, we often use surgical removal of the primary endogenous sources of these female-typical steroids (i.e., ovariectomy) and replacement with estrogen or progesterone. For example, administration of 17b-estradiol, which produces physiological circulating estradiol levels, increases time spent on the open arms of the plus maze of ovariectomized rodents (rats: 70 ± 15 s; mice: 35 ± 9 s) compared to that observed with vehicle administration (rats: 10 ± 5 s; mice: 5 ± 2 s) (see refs. [48] [49] [50] 77) . The results that we have obtained using our elevated plus maze protocol, with consideration of subject and procedural variables as described, are consistent across studies. Indeed, differences in these variables related to the subjects and the procedural variables need to be carefully considered when an experiment using the elevated plus maze is designed 14 . ! CAUTION All experiments should be performed in accordance with relevant guidelines and regulations regarding animal usage. Animal housing We obtain adult rats and mice from the breeding colony in the Life Sciences Research Buildings in the Laboratory Animal Care Facility at SUNY-Albany. The original stock of rats and mice were from Taconic Farms and Jackson Laboratory, respectively. If experimental rodents are obtained from a commercial vendor, they should be housed undisturbed for at least 1 week before testing. To avoid the effects of shipping stress on commercially purchased rodents, it is important to use at least a 1 week habituation period before initiating behavioral testing. In using a typical 1 week habituation period, we have found little evidence of differences in performance in the elevated plus maze between rodents of the same strain that are bred in-house and those purchased from vendors and shipped.
Differences in housing conditions may alter behavior in the elevated plus maze. Indeed, long-term social isolation (unlike the short-term, i.e., several minutes, isolation that experimental animals experience immediately before testing in our laboratory) is considered a stressor and a model of anxiety/ depression in mice 78, 79 . For this reason, our rats and mice are typically grouphoused (4-5 per cage) in polycarbonate cages in a separate temperature-controlled room (21 ± 1 1C). Our rats and mice are maintained throughout the experiment on a 12/12 h reversed light cycle (lights off at 0800) with continuous access to Purina Rat Chow and tap water. EQUIPMENT SETUP Rat elevated plus maze Our maze is made of medium-density fiberboard with a matte black acrylic surface, and consists of four arms (two open without walls and two enclosed by 30 cm high walls) 50 cm long and 10 cm wide (Fig. 1) . The open arms in the maze that we use do not have a railing, but addition of a 3-5 mm high railing on the open arms of the plus maze has been used with success to increase open arm exploration 80, 28, 29, 38, 39 . Each arm of the maze is attached to sturdy plastic legs, such that it is elevated 50 cm off a base that it is on. The legs of the maze can be easily removed to allow for storage of the maze when not in use and be adjusted so that the maze is level on uneven floors. The base consists of a white melamine platform with four casters that is constructed so that it is only as big as the maze requires. This allows for easy movement of the maze within and outside the testing room, as necessary. The maze and base were constructed within these parameters by an independent contractor, George Morimoto (gmorimoto@yahoo.com; Suffern, NY), who designed, built and set up the maze in our laboratory. We have previously used mazes from commercial vendors, such as San Diego Instruments. Other models of rat elevated plus mazes have been constructed out of other materials (i.e., plastic, stainless steel, etc.) to be collapsible for storage when not in use, but this has proven in our laboratory to produce a less sturdy construction. We do not find this to be the case with this maze built to our specifications and the data collected are comparable. Mouse elevated plus maze Our maze is made of stainless steel, which is painted matte black, and consists of four arms (two open without walls and two enclosed by 15.25 cm high walls) 30 cm long and 5 cm wide. Each arm of the maze is attached to sturdy metal legs such that it is elevated 40 cm off of the table it is on. The maze was purchased from Columbus Instruments. In comparison to the rat elevated plus maze that we use, the mouse maze is smaller and is readily moved as necessary. As such, a mouse elevated plus maze constructed of stainless steel without a movable base is used in our laboratory. We have found similar patterns of behavior when we have used mouse elevated plus mazes from other commercial vendors and with slightly different construction (i.e., closed arms made of clear rounded Plexiglas) and when the maze was situated on the floor, instead of a table. Video-tracking system with computer interface and video camera In our laboratory, a video-tracking system (e.g., Any-Maze, purchased from Stoelting) is used to automatically collect behavioral data. We use the program installed on a Dell PC computer with a digital video camera mounted overhead on the ceiling. Elevated plus maze location/illumination Our rat and mouse elevated plus mazes are situated in separate brightly lit rooms that are illuminated with six, 32-W fluorescent overhead lights each, which produce consistent illumination within the rooms (2,800 lumens each). The rat elevated plus maze is placed close to the center of the room, and has similar levels of illumination on both open and closed arms. The mouse elevated plus maze is placed on a table (but could also be placed on the floor) such that there are similar levels of illumination on both open and closed arms. The legs of the maze are adjusted so that the maze is perpendicular to the ground and each arm is level. Level of light can influence behavior in the elevated plus maze. As such, lighting needs to be considered when experiments using the elevated plus maze are designed. Data collection The primary method for data collection that is used in our laboratory is the use of the video-tracking system, described above, which automatically detects and records when rats or mice enter the open or closed arms of the maze and the time spent in each. If there are problems with contrast (e.g., the rodent urinates in the maze, animal fur color, etc.), the video-tracking system is not as accurate. Although this occurs infrequently, an observer is always present in the testing room, next to the maze, and is simultaneously collecting elevated plus maze data. The observer makes hatchmarks on a data sheet for each arm entry that a rodent makes in the elevated plus maze and uses a This allows for comparisons between the two methods of data collection. In our laboratory, we have found that there is a greater than 95% concordance in data collected with these methods and between observers and any discordant results are due to problems with video tracking because of less than ideal contrast. As such, in the testing situation that is set up in our laboratory, it is important that the observer is in the testing room while animals are tested. However, the presence of the observer may alter rodent's behavior in this task; so this has to be considered when the task is set up in each laboratory. It is not advisable that the observer be present during testing of some experimental animals and not for others owing to the possibility of this altering the animal's behavior. Furthermore, it is critically important that the observer makes minimal movements and no noise when collecting behavioral data. In some of our testing rooms that are large enough, we have set up a curtain that hangs from the ceiling and separates the area where the elevated plus maze and observer are located, which minimizes the possibility of experimental animals reacting to the presence of the observer. However, we have found little evidence of differences in behavioral data of rodents that are tested with and without an observer that is visible to the rodent if the observer makes every effort to minimize movement and noises made.
Calibration/validation of test in laboratory Many variables can confound interpretation of behavior in the elevated plus maze, and details of how these are addressed in our own laboratory are described. Before an experiment using the elevated plus maze is performed, it is important to first calibrate the task in a particular laboratory by taking into account and minimizing these procedural and organismic variables so that the testing environment and experience is the same in each experimental animal. Use of the elevated plus maze should also be validated in each laboratory that it is set up in. This can be accomplished by using positive and negative control groups, that is, administering pharmacological anxiolytics or anxiogenics, respectively. As such, in our laboratory, we have used gonadectomized adult male rodents, which have their primary endogenous sources of androgens, such as testosterone and its metabolite (i.e., 3a-androstanediol, a neurosteroid that is a positive modulator of GABA A receptors), the testes, removed (2 ± 1 s spent on the open arms of the plus maze), as negative controls. Androgen-replete rodents, those that are gonadally intact (28 ± 6 s) or gonadectomized and replaced with testosterone (4 mg kg À1 subcutaneously; 36 + 5 s, which produces physiological circulating testosterone and 3a-androstanediol levels) serve as positive controls 40, 41 . PROCEDURE 1| Make sure maze is cleaned and dried before use and that video-tracking system is ready to be used. Fill out data sheets with subject number of animal, date, coded condition and initialed by the experimenter before testing.
2|
Bring rodent, which is in its individual temporary transport cage, into the behavioral testing room. 4| Start the video-tracking system and a timer set for 5 min when the rodent is placed in the maze. m CRITICAL STEP Take precautions to start data collection as soon as the animal is placed in the maze. It is not recommended that the video-tracking system is started before the animal is placed in the maze so that the behavior of each animal is consistently recorded for 5 min. 6| At the end of the 5-min test, remove the rodent from the plus maze and place into a transport cage. Place back inside its homecage on the cart outside the room.
7|
Clean the elevated plus maze with quatricide and dry with paper towels before testing with another rodent.
Data analyses 8|
To determine the effects of experimental manipulation (i.e., steroid hormones in our laboratory), differences in the raw means of experimental animals should be typically calculated with analyses of variance. We use a commercially available statistical analyses program, such as Statview, but freeware statistics programs could also be used. When main effects of manipulation/independent variables are revealed, using a P-value of less than 0.05, the data can be further analyzed with post hoc tests, such as Tukey's HSD, which corrects for multiple comparisons, to determine differences between groups.
Typically, analysis of variance can be used to assess the effects of treatment on the following measures: open arm time, closed arm time, open arm entries made, closed arm entries made and total entries made. The ratio of open or closed arm entries/time to the total arm entries/time can be calculated and analyzed. This may be particularly helpful if there are differences between groups in the general motor activity in the maze. Other ethological measures (which can be considered ''risk assessment'') that can be collected are the frequency and/or duration of head dips (downward movement of rodents' head toward the floor from the open arms), rears (vertical standing of rodent on two hindlegs) and stretch-attend posture (when the rodent is motionless, but has body stretched forward/toward a stimulus). This behavior must be recorded on the data sheet and taken into consideration when the behavioral data are analyzed. Behavioral data from an animal that does this would be excluded from analyses. However, the experimenter continues to test the animal because it is important to make sure that exposure to the elevated plus maze is as consistent across animals as possible, particularly when animals are tested in a battery of tasks.
Rodents are immobile/freeze on open arms
If a noise or movement occurs while rodents are on the open arms of the elevated plus maze, rodents are likely to freeze for an extended period of time, even the majority of the testing time, on the open arms of the maze. Freezing for an extended period of time would be considered when the time spent on the open arms is more than 30% of the total test time (i.e., more than 100 s). This is a rare occurrence (i.e., occurs in less than 1% of the animals that are tested).
If freezing were to occur, the experimenter must make a note of this on their data sheets and consider this anomaly when analyzing the behavioral results. If a loud noise or other disruption occurs, which are considered exclusionary criteria, the animals' data are not considered in data analyses. However, the experimenter continues to test the animal so that it is exposed to the elevated plus maze for 5 min (to be commensurate with other animals in its cohort). To avoid increased freezing of the rodent to occur in the plus maze, noise and movements made by the experimenter must be kept at a minimum. In our laboratory, we hang signs outside the testing rooms to inform others that testing is in progress so that noise and disruptions are kept at a minimum.
Different baseline open arm activity
It is critical to decide upon the sex and reproductive age of animals to be used before initiating a study using the elevated plus maze. Post-pubertal sex difference in the elevated plus maze has been reported 22, 73 . Historically, many studies have used male rodents to avoid the influence of estrous cycle for elevated plus maze behavior 22, 74, 75 . For example, in our laboratory, we have consistently observed that young, adult intact female rats or mice in diestrus (low estradiol, low progestins) spent less time (rats: 20 ± 3 s, mice: 6 ± 2 s) than do their intact male counterparts (rats: 35 ± 5 s; mice: 21 ± 6 s) in the open arms. However, the pattern of elevated plus maze behavior is different when rodents in proestrous (high estradiol and progestins) are tested; rodents in proestrous (rats: 75 ± 25 s; mice: 30 ± 5 s) spend more time on the open arms of the elevated plus maze than do rodents in diestrous or males. Therefore, investigators must take into consideration that there may be different baseline elevated plus maze activity depending on the sex of experimental animals and estrous cycle stage in females, and design experiments using the elevated plus maze accordingly.
ANTICIPATED RESULTS
The following results exemplify data we have obtained using the elevated plus maze protocol, which is described in detail above, to investigate the anti-anxiety effects of progesterone 43, 46 . The results we have obtained using the elevated plus maze to determine the effects of progesterone and its metabolites are robust and replicable. Furthermore, similar to androgens, described above, progesterone is metabolized to a neuroactive steroid, called allopregnanolone, that positively modulates GABA A receptors and produces similar anxiolytic effects as benzodiazepines 44 . Indeed, there is a good correlation between typical behavioral effects of progestins in the elevated plus maze with the other anxiety/affective measures that use exposure to bright, open spaces like the elevated plus maze or other noxious stimuli (i.e., electric shock, food/water deprivation, loud noises, predator odor and forced swim/confinement) that we use in the laboratory, such as the open field, elevated zero maze, mirrored chamber task, light-dark transition task, vogel punished drinking, defensive freezing task, conditioned fear, predator stress-induced analgesia, porsolt forced swimming task and tail suspension task. An experiment conducted in our laboratory using the elevated plus maze is described below.
In this study, young adult (2-3 months old) female rats and mice were ovariectomized and recovered from surgery for 1 week. One hour before testing in the elevated plus maze, rats or mice were administered progesterone (4 mg kg À1 , rats, or 1 mg, mice, which produces similar plasma and central levels of progestins as are observed in proestrous rodents) via subcutaneous injections. An observer, blind to the experimental condition of the experimental animal, recorded the behavioral data using the protocol described in detail above. Data were analyzed with analyses of variance, followed by Tukey's HSD post hoc tests, as appropriate (i.e., when P-value of main effect of progesterone condition was less than 0.05). We found that administration of progesterone increases time spent on the open arms of the plus maze in rats (65 ± 9 s) and mice (21 ± 8 s) compared to vehicle administration (rats: 9 ± 5 s; mice: 4 ± 2 s). Thus, we can conclude that progesterone can increase anti-anxiety-like behavior in the elevated plus maze.
Summary
The elevated plus maze is a widely used behavioral assay for anxiety behavior of rodents. It is easy to use, can be fully automated and valid results can be obtained in a short, 5-min testing period. The patterns of results obtained using this task are replicable across other species, anxiety/affective behavior measures, studies and laboratories. 
